Numerical simulation on 3-D rectangular cross section of microchannel heat sink is conducted to investigate the effect of various type coolant consist of water and different type of nanofluids on the cooling performance of microchannel heat sink. FLUENT is used as the solver of simulation. A rectangular microchannel with hydraulic diameter of 86um and length of 10mm under the boundary condition of constant heat flux and laminar flow with uniform inlet velocity with five sets of working fluid with different nanofluids. Results of present work show that using Diamond-H 2 O as cooling lead to higher efficiency of heat transfer in microchannel heat sink in comparison to others nanofluid and base fluid. Numerical results show that increasing the thermal conductivity of working fluid can enhance heat transfer.
Introduction
The advance cooling technology using microchannels were first proposed by Tuckerman and Pease in 1981 [1] , features a higher heat transfer performance, smaller geometric size and volume per heat load, lower coolant requirement, and lower operational cost than conventional heat sinks. MCHS is consists with many parallel microchannels containing the flow coolant (Fig. 1 ). The heat generated by a chip is carried away from the channel walls by the coolant. In most cases, base fluid such as water, ethylene glycol (EG), and engine oil (EO) are commonly used as coolants in MCHSs. It is necessary to increase the thermal conductivity of the coolants. High thermal conductivity can be achieved by adding an appropriate amount of solid nanoparticles having high thermal conductivity to a base fluid for use as a coolant [2] . Kawano et al. [3] carried out experiments/simulations on heat transfer and pressure loss in micro channel heat exchanger where water have been used as a coolant. The result show that silicon chip microchannel model gave very small thermal and measured pressure loss showed good agreement with analytical result obtained on the basis of fully develop laminar pipe flow assumption. Wong [4] did a numerical simulation to investigate the conjugate heat transfer and fluid flow in a microchannel for microelectronic cooling. The result prove that silicon is a better MCHS material compared to copper and aluminum, based on higher average heat transfer. Patel and Modi [5] numerically investigate optimization of heat sink for electronics cooling by using different type of pressure different. They found that, as the heat flux increase, the average heat transfer coefficient and average Nusselt number also increases for constant pressure drop.
Koo and Kleinstreuer [6] numerically investigate laminar nanofluid flow in microheat-sinks. CuO-H 2 O and CuO-EG had been use to investigate the conjugated heat transfer problem for MCHS. They suggested that a base fluid of high-Prandtl number such as ethylene glycol and oil should be used compare to water, and using nanoparticles with high thermal conductivity are more advantageous, and a channel with high aspect ratio is desirable. It should be noted from the above literature review, to the best knowledge of the authors' that there is no work investigates the effect of various types of nanofluids on the MCHS performance has been reported in the past. The case of rectangular MCHS using different nanofluids seems had not been investigated in the past and this has motivated the present study. Thus, the present study deals with three dimensional numerical simulations of laminar nanofluids flow and heat transfer characteristics through rectangular MCHS using Al 2 O 3 , CuO, diamond and SiO 2 with nanoparticle volume fraction of 2%. The Reynolds number is the range of 140-1400, and the heat flux is fixed at 100 W/cm 2 . Results of interests such as velocity profile, temperature distribution, Nusselt number and effect of Reynolds number on Nusselt number are reported in this paper. Boundary Condition. For hydraulic boundary condition, the velocity is zero at all boundaries except the channel inlet and outlet. A uniform velocity is applied at the channel inlet. The velocity is obtained from the Reynolds number. The flow is fully developed at channel outlet. Adiabatic boundary conditions are applied to all the boundaries of the solid region except the heat sink top wall that is at constant heat flux. At the channel inlet, the liquid temperature is equal to a given constant inlet temperature. 
Results & Discussion
Temperature Distribution. As a result of constant heat flux applied on the top of the silicon heat sink, other surfaces which are treated as wall including the working fluid entered the channel were heated with constant heat flux of 9 x 105 W/m 2 . From the Fig. 2 , highest temperature is encountered at the heat sink top wall which is around 315 K where constant heat flux had been applied on that surface. Diamond-H 2 O had been used in comparison with pure water and it can be seen that when using Diamond-H 2 O, the temperature of the surfaces is lower compare when using pure water as working fluids. When using Diamond-H 2 O as working fluid, it shows 0.03 % of temperature reduction compare to pure water. Table 2 . Effect of Reynolds Number. The effects of Reynolds number on the heat transfer process in the micro-channel heat sink are illustrated in Fig. 4a, b and c for three different Reynolds numbers 140, 700 and 1400 where the inlet temperature as well as the heat flux applied is still the same. It can be seen that Nusselt number increases with Reynolds number. At the channel outlet the same trend is found, indicating that the length of the thermal develop region is larger than the channel length. For relatively high Reynolds number which is in this case is 1400, fully developed flow may not be achieved inside the heat sink. Fig. 5 shows that average Nusselt number increase as Reynolds number increase. By increasing the Reynolds number, the movement of the fluid molecules increase. The interruption of the fluid particles increase thus the heat transfer increases. 
Conclusions
Diamond-H 2 O provides 0.3 % temperature reduction compare to other nanofluid. Increasing thermal conductivity reduces temperature at the heated surface of heat sink especially near the channel outlet. The results show that the highest heat transfer enhancement is expected for Diamond-H 2 O and have the higher Nusselt number so it is recommended to achieve overall heat transfer enhancement. For low Reynolds number, the entrance region is relatively short. However at high Reynold number, the effects of developing region become more significant.
